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PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 

Keiji OTAKI, Yukiyoshi SHINOBU 
and Yoshiyuki HARADA 

Application No. : US National Stage of PCT/JPOO/063 1 5 

Filed: May 14, 2001 Docket No.: 109508 

For: PROCESS AND APPARATUS FOR PRODUCING GLASS FIBERS 

PRELIMINARY AMENDMENT 

Director of the U.S. Patent and Trademark Office 
Washington, D. C. 20231 

Sir: 

Prior to initial examination, please amend the above-identified application as follows: 
IN THE CLAIMS : 

Please replace claim 8 as follows: 

8. (Amended) The apparatus for producing glass fiber according to claim 4, 
wherein 

a difference in the diameter between at least two types of orifices each having 
different diameter is in a range of from 0.02 to 0.3 mm. 
Please add new claims 9-11 as follows: 

-9. The appm-atus for producing glass fiber accordmg to claim 5, wherein 
a difference in the diameter between at least two types of orifices each having 
different diameter is in a range of from 0.02 to 0.3 mm.— 



us National Stage of PCT/JPOO/06315 



—10. The apparatus for producing glass fiber according to claim 6, wherein 
a difference in the diameter between at least two types of orifices each having 

different diameter is in a range of from 0.02 to 0.3 mm.~ 

~1 1. The apparatus for producing glass fiber according to claim 7, wherein 
a difference in the diameter between at least two types of orifices each having 

different diameter is in a range of from 0.02 to 0.3 mm.~ 



Claims 1-11 are pending. Claim 8 is amended to eliminate multiple dependencies and 
claims 9-11 are added to compensate for subject matter deleted from claim 8. Prompt and 
favorable consideration on the merits is respectfiilly requested. 



The attached Appendix includes marked-up copies of the rewritten claim (37 C.F.R. 
1.121(c)(ii)). 



REMARKS 
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APPENDIX 

Changes to Claims: 

Claims 9-11 are added. 

The following is a marked-up version of the amended claim: 

8. rAmended) The apparatus for producing glass fiber according to claim 4 anv of 
claims 4 7 , wherein 

a difference in the diameter between at least two types of orifices each having 
different diameter is in a range of from 0.02 to 0.3 mm. 
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SPECIFICATION 
Process and Apparatus for Producing Glass Fibers 

Field of Invention 

The present invention relates to a process and an apparatus for producing 
glass fibers by utilizing centrifugal force, which can improve the production 
efficiency, can lower the fuel consumption by drawing burners, and can continuously 
spin glass fibers capable of complying with quality requirements for glass fiber 
products by using a simple means for production. 

Prior Art 

A process and an apparatus for producing glass fibers by centrifugal force 
J have been disclosed in JP-B-42-13748 and US Patent No. 4689061. JP-B-42-13748 
discloses that a rotating member has a peripheral wall which is provided with orifices 
i in a longitudinal direction. The diameter of orifices becomes smaller in a direction 
from the upper side to the bottom side, in order to solve disadvantage that glass 
1 fibers with good quality cannot be produced due to collision of fibers in the upper 
'] side and fibers in the lowerside when applying wind flow to fine strings of a material 
^ ejected through the orifices by centrifugal force. 

Whereas, the apparatus disclosed in US Patent No. 4689061 is constituted 
by arranging in plurality of rows of orifices, where orifices in 2 or more rows are 
provided by perforation in a vertical direction, in the peripheral wall of a rotating 
member, providing no-orifice part at the middle part between the orifices in rows, 
and arranging the orifices of which diameter in the upper side being smaller than the 
diameter of the orifices in the lower side. 

However, according to the processes as disclosed in the above former prior 
art, it is not possible to obtain glass fibers with good quality, because the collision of 
fibers cannot be prevented during the process of drawing of fine strings of a material 
ejected through the orifices to fine fibers, if orifices in 40 rows more or less are 
arranged in a vertical direction in order to improve the production efficiency per a 



rotating member. Furthermore, as various types of glass fibers are required, such as 
low density product required for having restoring property against compression and 
medium-high density product required for having hardness, there is a limit for such 
process in the production of glass fibers complying with each requirements for the 
quality, such as fiber diameter, fiber diameter distribution and fiber length. 

The process disclosed in the later patent is constituted by providing the 
non-orifice part in the middle between the orifices in rows. Therefore, if the number 
of the orifices are increased for improving the production capacity per a rotating 
member, it is required to increase the height of the peripheral wall of the rotating 
member to oversize, thus increasing fuel consumption by burners required for 
producing fine fibers to raise the production cost and causing more collision of the 
fibers, which thereby makes difficult to obtain glass fibers with good quality. 

Summary of Invention 

Considering the prior arts as described above, it is an object of the present 
invention to provide a process and an apparatus for producing glass fibers with good 
quality that complies with requirements for various glass fiber products in terms of 
fiber diameter, fiber diameter distribution, fiber length, etc., characterized by 
increasing the number of orifice rows provided by perforation in the peripheral wall 
of the rotating member and arranged in a vertical direction to increase the production 
capacity per a rotating member, and allowing to provide advantages of reducing fuel 
consumption by burners used for drawing the ejected streams to minimize the 
production cost. 

According to the present invention, it is provided a process for producing 
glass fiber comprising heating and rotating a hollow cylinder-shaped rotating member 
having peripheral wall provided with orifices so as to rotate molten glass in the 
rotating member, and ejecting the molten glass through orifices by centrifugal force 
to form glass fiber, characterized in ejecting molten glass through at least two types 
of orifices arranged alternately in a circumferential direction of the rotating member, 
each of said two types of orifices having different diameter, so as to form at least 



two types of primary streams having different length; introducing said primary 
Streams into flame flow around the rotating member, said flame flow being ejected in 
a direction substantially parallel with a generatrix direction of an outer circumference 
of the peripheral wall, so as to fine said primary streams to form secondary fibers; 
and ejecting compressed fluid in a direction at an acute angle relative to the flame 
flow including secondary fibers, to collide the secondary fibers with the compressed 
fluid. 

Preferably, the compressed fluid is ejected in an angle of 15-30 degree 
relative to the generatrix direction of the outer circumference of the peripheral wall 
of the rotating member. 

Preferably, a distance between a top edge of the compressed fluid and a 
bottom edge of the peripheral wall of the rotating member is at least 30 mm. 

Also, according to the present invention, it is provided an apparatus for 
producing glass fiber comprising a hollow cylinder-shaped rotating member having a 
peripheral wall alternately provided with at least two types of orifices each having 
different diameter in a circumferential direction of the peripheral wall; a circular 
drawing burner concentrically arranged above and around the rotating member, and 
having an ejecting outlet opened in substantially parallel with a generatrix direction 
of an outer circumference of the peripheral wall; and an ejecting nozzle around the 
drawing burner, said ejecting nozzle being concentrically arranged above and around 
the peripheral wall of the rotating member, and having an ejecting outlet opened in a 
direction at an acute angle relative to the generatrix direction of the outer 
circumference of the peripheral wall. 

Preferably, at least two types of orifices each having different diameter are 
alternately provided in the peripheral wall in the circumferential direction of the 
peripheral wall, to form a latitudinal row; a plurality of longitudinal orifice rows are 
provide in the peripheral wall in the generatrix direction of the outer circumference 
of the peripheral wall; and the orifice in a lowerside region has a diameter smaller 
than that of the corresponding orifice in an upper side region. 



Preferably, the peripheral wall is provided with larger orifices and smaller 
orifices; the larger orifices are arranged in the generatrix direction of the outer 
circumference to form first bands group of orifices; the smaller orifices are arranged 
in the generatrix direction of the outer circumference to form second bands group of 
orifices; and the first bands group of orifices and the second bands group of orifices 
are arranged alternately in the circumferential direction of the peripheral wall (2) of 
the rotating member. 

Preferably, the orifice arranged in a lowerside region has a diameter 
smaller than that of the orifice arranged in an upper side region in either the first 
bands group of orifices or the second bands group of orifices. 

Preferably, a difference in the diameter between at least two types of 
orifices each having different diameter is in a range of from 0.02 to 0.3 mm. 

Brief Explanation for Drawings 

Fig. 1 is a cross section showing main parts of an apparatus according to 
the present invention. 

Fig. 2 is an example for an arrangement of orifices. 

Fig. 3 is an example for another arrangement of orifices. 

Fig. 4 is a schematic diagram showing a process to introduce primary 
streams into flame flow. 

Fig. 5 is a schematic diagram showing an ejection of compressed fluid flow. 

Fig. 6 is a chart showing a relationship between glass temperature and 

viscosity. 

Fig. 7 (a) is a chart showing a fiber diameter distribution of low density 
product, and Fig. 7 (b) is a chart showing a fiber diameter distribution of 
medium-high density product. 

Preferable Embodiment for carrying out the Invention 

Fig. 1 and Fig. 2 show an example for an apparatus according to the 
present invention. The apparatus for producing glass fibers according to the present 



invention comprises a hollow cylinder-shaped rotating member 1, a drawing burner 9 
circumferentially arranged above the rotating member 1, and ejecting nozzles 12. In 
the apparatus shown in Fig. 1, a glass melting furnace 4 and a forehearth 5 are 
arranged above the rotating member 1. The forehearth 5 is provided with an ejecting 
nozzle 6 on a lower surface thereof. Molten glass is fed through the ejecting nozzle 6 
to an inside of the hollow cylinder of the rotating member 1. 

The rotating member 1 has a peripheral wall 2 which is provided with a 
plurality of orifices. Fig. 2 shows an example of an arrangement of the orifices 
provided by perforation in the peripheral wall 2 of the rotating member 1. In a 
circumferential direction of the peripheral wall 2, the peripheral wall is provided with 
latitudinal rows of orifices. Each of the latitudinal rows comprises larger orifices 
(orifices with a larger diameter) 31 and smaller orifices (orifices with a smaller 
diameter) 32 which are arranged alternately with a certain interval. In a generatrix 
direction of the peripheral wall, the peripheral wall is provided with longitudinal 
rows of orifices. A larger orifice 31 in one of the latitudinal rows is arranged 
between the larger orifice 31 and the smaller orifice 32 in the adjacent of the 
latitudinal row. Each of large orifices 31a in latitudinal rows arranged on an 
lowerside has a smaller diameter than that of larger orifices 31 in latitudinal rows 
arranged on an upper side. In the illustrated example shown in Figs. 1 and 2, each of 
the latitudinal rows comprises two types of orifices having different diameter, 
however, such row may be comprises 3 or more types of orifices having different 
diameter. 

A driving device (not shown) for rotating the rotating member 1 rotates a 
belt 7, and the belt 7 is connected with a rotating shaft 8, so as to rotate the rotating 
member 1 connected to the shaft 8 at high speed. The drawing burner 9 is 
concentrically and circumferentially arranged above the rotating member 1. The 
drawing burner 9 has an ejecting outlet 10 and a combustion room 11. The outlet 10 
opens downwardly in substantially parallel with an outer circumference of the 
peripheral wall 2, and flame flow G of burned exhaust gas in the combustion room 



11 ejects from the drawing burner 9 along with the generatrix direction of the 
peripheral wall 2. 

Ejecting nozzles 12 for the compressed fluid are arranged concentrically 
with an outer circumference of the rotating member 1, below the combustion room 
11, and around the ejecting outlet 10 of the drawing burner 9. Each of the ejecting 
nozzles 12 is provided with an ejecting outlet 13 which is opened in a direction at an 
acute angle relative to the generatrix direction of outer circumference of the rotating 
member 1. In prior arts, such ejecting nozzle 12 has not been employed. The numeral 
14 in Fig. 1 indicates a burner for heating an inside of the rotating member 1. 

The rotating member 1 rotates at high speed by the driving device, the 
inside of the rotating member 1 is heated by the burner 14, and the molten glass B is 
fed through the ejecting nozzle 6 into the inside of the hollow cylinder of the 
rotating member 1. The molten glass B is ejected out though the ejecting nozzle 6 of 
the forehearth 5 in a tapered cylindrical form, then is fed into the inside of the 
rotating member 1 in linear state. 

The molten glass B fed into the inside of the rotating member 1 is raised 
upwardly onto an internal surface of the peripheral wall 2 by a centrifugal force 
generated by rotation of the rotating member 1 at high speed, and is ejected through 
a plurality of larger orifices 31 (31a) and smaller orifices 32 (32a) of the peripheral 
wall 2, to form a larger primary stream having larger diameter obtained through the 
larger orifices 31 (31a) and a smaller primary stream having smaller diameter 
obtained through the smaller orifices 32 (32a). The larger primary stream has greater 
mass, while the smaller primary stream has less mass. Consequently, when 
equivalent kinetic energy (namely the centrifugal force generated by the rotating 
member 1) is applied, the larger primary streams 311 are spread in longer distance 
than the distance for the shorter primary streams 312 (See Fig. 4). Thus, a length of 
the primary stream ejected through the larger orifices 31 (31a) is longer than that of 
the primary stream ejected through the smaller orifices 32 or 32a. 

The process and the apparatus according to the present invention are 



constituted as described above, at least two types of orifices each having two 
different diameter are alternately provided in one latitudinal row circumferentially 
extending in peripheral wall 2 of the rotating member 1. In other word, a larger 
orifice 31 is adjacent to two smaller orifices 32, and a smaller orifice 32 is adjacent 
to two larger orifices 31. The primary stream formed by the ejection through an 
orifice 31 (or 32) by the centrifugal force of the rotating member 1 has a different 
length from the length of another primary stream formed by the ejection through the 
adjacent orifice 32 (or 31), and these adjacent primary streams, each of those which 
has a different length, are introduced into flame flow fed from the drawing burner. 
Therefore, as shown in Fig. 4, there is no opportunity for the adjacent primary 
streams 311 and 312 to be knotted or clashed, and these streams can efficiently 
receive heat and drawing load given by the flame flow. 

Each of the orifices 31a and 32a in a latitudinal row positioning at the 
lowerside of the generatrix direction of the outer circumference respectively has a 
diameter smaller than that of the corresponding orifices 31 and 32 in a latitudinal 
row at the upper side of the generatrix direction. Thus, the primary stream ejected 
through the upper side orifice and the primary stream ejected through the lowerside 
orifice do not clash each other. A distance between one orifice and the adjacent 
orifice in both the circumferential and generatrix directions can be the same as that 
of prior arts. Therefore, according to the present invention, no problem shall be 
raised in terms of reduction in production capacity and the need for the increase of 
the height of the peripheral wall. 

Fig. 3 shows an example for another arrangement of rows of the orifices 
provided by perforation in the peripheral wall 2. Each of the odd latitudinal rows, 
such as the first row, the third row, etc. located from the upper side of the generatrix 
direction of the outer circumference of the peripheral wall 2, has larger orifices 31 
and smaller orifices 32. The corresponding larger orifices 31 in the odd rows are 
aligned in the same generatrix direction, and the corresponding smaller orifices 32 in 
the odd rows are also aligned in the same generatrix direction. On the other hand. 



each of the even latitudinal rows, such as the second row, the fourth row, etc. has 
larger orifices 31 and smaller orifices 32. Each of the orifices 31 and 32 in even 
rows are positioned in a middle between an orifice 31 and an orifice 32 in the odd 
row. Accordingly, the peripheral wall 2 is formed alternately with a latitudinal orifice 
row group X comprising two rows of the larger orifices 31, and the other latitudinal 
orifice row group Y comprising two rows of the smaller orifices 32 in the generatrix 
direction. Diameters of the orifices 31a and 32a positioning at the lowerside of the 
generatrix direction are smaller than those of orifices 31 and 32 positioning at the 
upper side of the generatrix direction, like the example shown in Fig. 2. The 
arrangement of the rows should not be limited to the examples shown in Fig. 2 and 
Fig. 3, and other various arrangements may be applied to the present invention. In 
this regard, it is essential that 2 or more types of orifices each having different 
diameter are provided in the outer circumferential direction of the peripheral wall 2, 
and that the diameter of the orifice positioning at the lowerside of the generatrix 
direction is smaller than the diameter of the orifice positioning at the upper side of 
the generatrix direction. 

Around the peripheral wall 2 of the rotating member 1, flame flow G is 
ejected from the ejecting outlet 10 located around the rotating member 1 toward a 
direction in approximately parallel with the generatrix direction of the outer 
circumference of the peripheral wall 2. The primary stream is introduced into the 
flame flow G, and is then made into a fine fiber to form a secondary fiber. Fig. 4 is 
a diagram explaining the process for introducing the primary stream into the flame 
flow G according to the present invention. In Fig. 5, the primary stream ejected 
through orifices of latitudinal rows on the upper side and the primary stream ejected 
through orifices of latitudinal row on the lowerside are introduced into the flame 
flow G having a width (a), and maintain a certain distance (b) therebetween in the 
flame flow. Thus, these primary stream can be subjected to be efficiently heated by 
the flame flow and to be efficiently drawn, so as to be made into fine fibers. 

The secondary fibers being made into fine fibers are cut by colliding with 



compressed fluid ejected through the ejecting outlet 13 of the ejecting nozzle 12. In 
the illustrated example, the compressed fluid is ejected through the ejecting outlet 13 
at high speed as much as 3 kg/cm^ on pressure basis. In this case, the angle of the 
ejection is preferably about 15-30 degree relative to a flowing direction of the flame 
flow G. When cutting the secondary fibers by applying the compressed fluid to the 
secondary fibers, the length of the secondary fibers can be controlled by 
appropriately selecting the angle to eject the compressed fluid and ejecting pressure. 

In the collision or impact of the secondary fiber and the compressed fluid, 
it is required that a temperature at a bottom edge R of the peripheral wall 2 is not 
lowered due to the ejecting flow S of the compressed fluid, and that the bottom edge 
R of the peripheral wall 2 does not affect the performance to make the secondary 
fibers finer. Thus, a distance L between the bottom edge R of the peripheral wall 2 
and a top edge P of the compressed fluid S should be about 30-50 mm or more, so 
as to prevent the top edge P of the compressed fluid S to the bottom edge R of the 
peripheral wall 2 of the rotating member 1. Thus, the lowering of the temperature at 
the bottom edge of the peripheral wall 2 due to collision by the compressed fluid 
flow S may be prevented. 

According to the present invention, the angle oc of the ejecting direction 
of the compressed fluid is about 15-30 degree, and the distance L between the 
bottom edge R of the peripheral wall 2 and the top edge P of the compressed fluid S 
is at least about 30-50 mm. Therefore, the temperature of the peripheral wall 2 does 
not decrease. In addition, since the ejecting flow S collides with the flame flow G 
after the primary stream is fined, it does not affect the formation of fine fibers, so as 
to continuously produce the secondary fibers with appropriate fiber length. 

The preferable fiber length can be obtained by controlling the ejected force 
of the compressed fluid. Generally, it is preferable to control or adjust the fiber 
length longer in case of low density product to which restoring property from 
compressed state is required, and it is preferable to control or adjust the fiber length 
shorter in case of medium-high density product to which hardness and rigidity is 



required. 

When the rotating member 1 has the diameter of is 400 mm, it is 
preferable to provide 20-30 ejecting nozzles 12 in the apparatus. If less than 20 of 
the ejecting nozzles 12 is provided, the fiber length tends to be unfavorably longer. 
When more than 30 of the ejecting nozzles 12 are provided, no remarkable effect to 
obtain shorter fibers is given, but consumption of the compressed fluid is increased 
to thereby make the production cost unfavorably high. The ejecting outlet 13 to be 
used is provided in slot-shaped, of which shorter side length is 0.4-1.0 mm and the 
longer side length is 7-15 mm, and preferably the one having the dimension of 0.5 
mm X 10 mm. If the size of the slot-shaped ejecting nozzle is smaller than the one as 
described above, the fiber length tends to be unfavorably longer. When the size of 
the ejecting nozzles is larger than the one as described above, no remarkable effect 
may be obtained, but consumption of the compressed fluid is increased to thereby 
make the production cost unfavorably high. 

According to the process specified in the present invention, glass fibers 
were produced by using standard glass and hard glass as the material, respectively, 
under the condition as specified in Table 1. For example. For producing glass fibers 
by using standard glass, the diameter of the larger orifice 31 was 0.9 mm, the 
diameter of the smaller orifice 32 was 0.75 mm, the diameter of the larger orifice 
31a was 0.8 mm, and the diameter of the smaller orifice 32a was 0.7 mm. Six 
latitudinal rows comprising the larger orifices 31 and the smaller orifices 32 were 
formed, while 40 latitudinal rows comprising the larger orifices 31a and the smaller 
orifices 32a were provided. Although the diameter of the orifices provided on the 
upper side and the diameter of the orifices provided on the lowerside are altered to 
be smaller step by step in this example, the present invention includes an 
embodiment in which the diameters of the orifices gradually become smaller fiom 
the upper side to the lowerside. 

For comparison, glass fibers were prepared according to the conventional 
process under the condition described in Table 1 by using standard glass and hard 
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glass as the material, respectively. 

"Standard glass" is defined as boric acid-containing (B2O3) glass or boric 
acid-free glass, which has a viscosity of approximately 1,000 poise at 1,070 °C as 
shown in Fig. 6. "Hard glass" is defined as boric acid-containing (B2O3) glass or 
boric acid-free glass, which has a viscosity of approximately 1,000 poise at 1,200 °C . 

A low density glass fiber molding having the dimension of lOKg/m^ x 
50mm X 430 mm x 1370mm (which may be used for an insulating article) was 
produced by molding the glass fibers obtained as described above. Further, the 
restoring rate of said insulating article was measured. The restoring rate was 
measured as follows. The insulating article was compressed to 87% in a volume, and 
was maintained in the compressed state for a month. The compression was released, 
and after 4 hours a thickness of the insulating article was measured. A ratio of the 
measured thickness relative to a required thickness (50mm) was obtained to obtain 
the restoring rate. 
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Table 1 



Low Density Product 


Standard Glass 


Hard Glass 




Present 
invention 


Prior Art 


Present 
invention 


Prior Art 


S^mmiig Amount 


400 


400 


400 


400 


Height of 
peripheral wall 
(mm) 


71 


58 


71 


58 


Fuel Gas Amount 
(mVHr) 


14 


17 


14 


17 


Average Fiber 
Diameter { IX m) 


6.5 


7.0 


7.5 


7.5 


Restoring rate 
against 

Compression (%) 


115 


110 


110 


105 


Energy Index 

(Fuel gas 
amount/Spinning 
amount: m /ton) 


35 


42.5 


35 


42.5 


Ejection Pressure 


1.5 


0 


2.0 


0 


or Ejecting , 
Nozzl (K^cm') 










Fiber Length 


Somewhat 
short 


Long 


Somewhat 
short 


Long 


Orifice 
Arrangement 


O o O o 
O o O 


o o o o o 
o o o o o 


O o O o 
O o O 


o o o o o 
o o o o o 




O o O o 


o o o o o 


O o O o 


o o o o o 




O o O 


o o o o o 


O o O 


0 o o o o 




O o O o 


o o o o o 


O o O o 


o o o o o 




(Orifice 

Arrangement 

in Fig? 3) 
Upper 6 Rows 
Larger orifice 

diameter: 

0.9mm 
Smaller 

orifice 

diameter: 

U. / JllUIl 

Remaining 40 

Rows 
Larger orifice 

diameter: 

0.8mm 
Smaller 

orifice 

diameter: 

0.7mm 


Upper 6 Rows 
O.Pmm 

Remaining 31 
Rows 
0.8mm 


(Orifice 

Arrangement 

inFig^3) 
Upper 6 Rows 
Lager orifice 

diameter 

0.85mm 
Smaller 

orifice 

diameter: 

0.85mm 

Remaining 40 

Rows 
Larger orifice 

diameter: 

0.9mm 
Smaller 

orifice 

diameter: 

0.8mm 


upper 6 Rows 
l.t)mm 

Remaining 31 
Rows 
0.9mm 
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As can be seen from Table 1 shown above, the consumption of fuel when 
using the equivalent amount of glass fibers in the present invention is less than that 
in the prior art. In the present invention, the compressed fluid is ejected from the 
ejecting nozzle 12 to collide it to the secondary fibers. At this stage, the secondary 
fibers are not knotted or entangled with each other and are distributed, because the 
length of the obtained fibers according to the present invention are shorter than those 
obtained by the prior art. In the example of the present invention, the ejection 
pressure of the ejecting nozzle was 1.5 kg/cm^ for standard glass and 2.0 kg/cm^ for 
hard glass, because voscocity of glass was considered. 

The difference in diameter between the larger orifice 31 and the smaller 
orifice 32 both provided in the peripheral wall 2 of the rotating member 1 is fixed to 
a range of from 0.02 to 0.3 mm (including the case further larger or shorter orifices 
are provided). When the difference is less than 0.02 mm, there is no substantial 
difference in the length of the primary stream to be ejected. When the difference 
exceeds 0.3 mm, the difference in the spinning amount between the larger orifice and 
the smaller orifice becomes too big, because the spinning amount (g/orifice/Hr) 
through one orifice increases relative to the value obtained by raising the orifice 
diameter to 4th power, and therefore, it is not possible to produce glass fibers with 
good quality under the same condition (such as condition as to drawing burner, 
hollow rotating member, molten glass, ejecting nozzle, etc.). From the reason 
described above, the difference in the diameter between at least two different types 
of orifices each having different diameter is fixed to a range of from 0.02 to 0.3 mm. 
In the example described above, the diameter of the larger orifices arranged in the 
upper region is fixed to 0.9 mm, while the diameter of the smaller orifices arranged 
in the upper region is fixed to 0.75 mm, and the difference in these diameters is 0.15 
mm, in case of the standard glass. 

According to the present invention, glass fibers were prepared under the 
condition described in Table 2 by using standard glass and hard glass as the material, 
respectively. For comparison, according to the conventional invention, glass fibers 
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were also prepared under the condition described in Table 2 by using standard glass 
and hard glass as the material, respectively. These standard glass and hard glass are 
the same ones as used in the example (and comparative example) conditioned in 
Table 1. 

Medium-high density glass fiber moldings having the dimensions of 
32Kg/m^ X 50mm x 605mm x 910mm and 96Kg/m^ x 50mm x 605mm x 910mm 
(which are used as an insulating article) were produced by molding the glass fibers 
obtained as described above. Also, each of the thus obtained insulating articles was 
compressed so as to be reduced to the 50% by volume to measure the compressive 
strength thereof. 
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Table 2 



Middle-high 
Density Product 


Standard Glass 


Hard Glass 


Present 
invention 


Prior Art 


Present 
invention 


Prior Art 


Spinning Amount 
(Kgmrf 


400 


400 


400 


400 


Height of 
peripheral wall 
(mm) 


71 


58 


71 


58 


Fuel Gas Amount 
(mVHr) 


14 


17 


14 


17 


Average Fiber 
Diameter (Mm) 


6.5 


7.0 


7.5 


7.5 


Compressive 
Strength at 50% 
Compression 

32 kg/mf Fiber 
96 kg/m Fiber 


1200 
10100 


800 
8500 


1100 
9500 


700 
7900 


Energy Index 
(Fuelgas amount/ 

Spinning amount: 

m>on)^ 


35 


42.5 


35 


42.5 


Ejection Pressure 
of Ejectinig 
Nozzle (Kg/cm ) 


2.2 


0 


2.8 


0 


Fiber length 


Short 


Long 


Short 


Long 


Oriffice 
Arrangement 


O o O o 
O o O o 


o o o o o 
o o o o o 


O o O o 
O o O o 


o o o o o 
o o o o o 




o O o O 


o o o o o 


o O o O 


o o o o o 




o O o 


o o o o o 


o O o 


o o o o o 




(Orifice 

Arrangement 

in Fig 2) 
Upper 6 Rows 
Larger orifice 

diameter 

1.0mm 
Shorter orifice 

diameter 

0.75mm 
Remaining 40 

Rows 
Larger orifice 

diameter 

0.95mm 
Shorter orifice 

diameter 

0.7mm 


Upper 6 Rows 
0.9mm 

Remaining 31 

Rows 
0.8mm 


(Orifice 

Arrangement 

in Fig. i) 
Upper 6 Rows 
Larger orifice 

diameter 

1.1mm 
Shorter orifice 

diameter 

0.85mm 
Remaining 40 

Rows 
Larger orifice 

diameter 

1.05mm 
Shorter orifice 

diameter 

0.8mm 


Upper 6 Rows 
l.Omm 

Remaining 31 
Rows 
0.9mm 
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As can be seen from Table 2 shown above, it may be understood that the 
process of the present invention allows to produce glass fibers with less fuel 
consumption for the equivalent production in quantity, and can improve the 
compressive strength of the obtained glass fiber molding when compared with the 
product produced according to the process of the prior art, and thereby, glass fibers 
capable of complying with quality requirement for medium-high glass fiber moldings 
can be obtained by the present invention. 

For producing the low density glass fiber moldings, it is required to reduce 
the distribution of fiber diameters for ensuring good restoring property against 
compression. Fig. 7(a) shows the fiber diameter distribution A of the low density 
glass fiber moldings obtained by the process of the present invention, to which the 
restoring property against compression is required. The fiber diameter distribution A 
required for the low density glass fiber moldings obtained by the process of the 
present invention is relatively narrow. Fig. 7(b) shows the fiber diameter distribution 
B of the medium-high density product obtained by the process of the present 
invention, to which hardness and rigidity are required, and the fiber diameter 
distribution B is wider than the fiber diameter distribution A of the low density 
product. Therefore, according to the process of the present invention, glass fibers 
having the fiber diameter distribution capable of complying with quality requirements 
for either of the low density products or the medium-high density products can be 
obtained. 

As described above, according to the present invention, at least two types 
of orifices each having different diameter are provided in the peripheral wall of the 
rotating member alternately, and the primary stream of molten glass is ejected 
through the orifices by centrifugal force, thereby allowing to form the fined 
secondary fibers of glass by introducing the primary stream into the flame flow. The 
primary stream is fined into the secondary fibers, which can have a desired length by 
colliding the secondary fibers with the compressed fluid from a direction at an acute 
angle. It is possible to easily obtain glass fibers with good quality capable of 



- 16- 



complying with various quality requirements, such as fiber diameter, fiber diameter 
distribution and fiber length, irrespective of the use for the low density product or the 
medium-high density product. In addition, the process of the present invention has 
further advantages of improving the production efficiency, reducing the fuel 
consumption for the drawing burner and thereby reducing the production cost. 

Further, the apparatus according to the present invention allows to increase 
the production of the secondary fibers with good quality by preventing the collision 
of fibers at the time of drawing into fine fibers by means of alternately providing at 
least two types of orifices each having a different diameter in the circumferential 
direction of the peripheral wall of the rotating member. Also, it is possible to operate 
the processes from the primary stream to the secondary fibers continuously by 
preventing to cause collision of the compressed fluid flow at the time of fining fibers 
by means of ejecting the compressed fluid from a direction at an acute angle against 
the flowing direction of the flame flow. 
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What is claimed is: 



1. A process for producing glass fiber comprising 

heating and rotating a hollow cylinder-shaped rotating member having 
peripheral wall provided with orifices so as to rotate molten glass in the rotating 
member, and 

ejecting the molten glass through orifices by centrifugal force to form glass 
fiber, characterized in 

ejecting molten glass through at least two types of orifices arranged 
alternately in a circumferential direction of the rotating member, each of said two 
types of orifices having different diameter, so as to form at least two types of 
primary streams having different length, 

introducing said primary streams into flame flow around the rotating 
member, said flame flow being ejected in a direction substantially parallel with a 
generatrix direction of an outer circumference of the peripheral wall, so as to fine 
said primary streams to form secondary fibers, and 

ejecting compressed fluid in a direction at an acute angle relative to the 
flame flow including secondary fibers, to collide the secondary fibers with the 
compressed fluid. 

2. The process for producing glass fiber according to claim 1, wherein the 
compressed fluid is ejected in an angle of 15-30 degree relative to the generatrix 
direction of the outer circumference of the peripheral wall of the rotating member. 

3. The process for producing glass fiber according to claim 1, wherein a 
distance between a top edge of the compressed fluid and a bottom edge of the 
peripheral wall of the rotating member is at least 30 mm. 

4. An apparatus for producing glass fiber comprising 

a hollow cylinder-shaped rotating member having a peripheral wall 
alternately provided with at least two types of orifices each having different 
diameter in a circumferential direction of the peripheral wall, 
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a circular drawing burner concentrically arranged above and around the 
rotating member, and having an ejecting outlet opened in substantially parallel 
with a generatrix direction of an outer circumference of the peripheral wall, and 

an ejecting nozzle around the drawing burner, said ejecting nozzle being 
concentrically arranged above and around the peripheral wall of the rotating 
member, and having an ejecting outlet opened in a direction at an acute angle 
relative to the generatrix direction of the outer circumference of the peripheral wall. 
5. The apparatus for producing glass fiber according to claim 4, wherein 

at least two types of orifices each having different diameter are alternately 
provided in the peripheral wall in the circumferential direction of the peripheral 
I wall, to form a latitudinal row, 

a plurality of longitudinal orifice rows are provide in the peripheral wall in 
the generatrix direction of the outer circumference of the peripheral wall, and 

the orifice in a lowerside region has a diameter smaller than that of the 
corresponding orifice in an upper side region. 
I 6. The apparatus for producing glass fiber according to claim 4, wberein 

the peripheral wall is provided with larger orifices and smaller orifices, 
I the larger orifices are arranged in the generatrix direction of the outer 

circumference to form first bands group of orifices, 

the smaller orifices are arranged in the generatrix direction of the outer 
circumference to form second bands group of orifices, and 

the first bands group of orifices and the second bands group of orifices are 
arranged alternately in the circumferential direction of the peripheral wall of the 
rotating member, 

7. The apparatus for producing glass fiber according to claim 6, wherein 

the orifice arranged in a lowerside region has a diameter smaller than that 
of the orifice arranged in an upper side region in either the first bands group of 
orifices or the second bands group of orifices. 

8. The apparatus for producing glass fiber according to any of claims 4-7, 
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wherein 

a difference in the diameter between at least two types of orifices each 
having different diameter is in a range of from 0.02 to 0.3 mm. 
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Abstract of the Disclosure 



A process and an apparatus for producing glass fibers by centrifugal force 
are provided. Molten glass is fed into a hollow cylinder of rotating member which 
rotates at high speed by means of a driving device and is heated. The molten glass is 
ejected to an outside of a peripheral wall by centrifugal force generated by high 
speed rotation of the rotating member through orifices, each of which has different 
diameter, and which are provided alternately in a circumferential direction of the 
peripheral wall. A primary steam of molten glass is ejected. The primary streams is 
introduced into flame flow ejecting from drawing burners located at outside of the 
peripheral wall to form secondary fibers. A compressed gas flow is ejected to a 
direction at an acute angle through an ejecting outlet of an ejecting nozzle to collide 
the compressed fluid with the secondary fibers to thereby produce glass fibers 
continuously. 



-21 - 



09/831736 




09/831736 



WO 01/19741 



PCT/JPOO/06315 



Fig 3 



^ , 32 32 

^^■^ J /o o 
31 — O o o O 

O o O o 

O o o o 
O o O o 
31a O o o o 



32a. 



Fig 4 




09/831736 

WO 01/1 9741 PCT/JPOO/0631 5 

3/4 

Fig 5 




Fig 6 

5000 - 




900 1000 1100 1200 1300 
Glass temperature (°C ) 



wo 01/19741 



4/4 

Fig 7 



09/831736 

PCT/JPOO/06315 




Fiber diameter fim 



Docket No.: 



DECLARATION AND POWER OF ATTORNEY 
UNDER 35 use §371(c)(4) FOR 
PCT APPLICATION FOR UNITED STATES PATENT 

As a below named inventor, I hereby declare that: 

my residence, post office address and citizenship are as stated below under my name; 

I verily beheve I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a 
patent is sought, namely the invention entitled: Process and Apparatus for Producing 

Glass Fibers PCT /j roO/^OCSlS 

described and claimed in intemational application number filed . S e p t em ber 14, 2000 

I have reviewed and understand the contents of the above-identified specification, including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose to the Office all information known to me to be material to 
patentability as defined in Title 37, Code of Federal Regulations §1.56. 

Under Title 35, U.S. Code § 119, the priority benefits of the following foreign application(s) filed by me or 
my legal representatives or assigns within one year prior to my intemational application are hereby claimed: 

Japanese Patent Application No. 11-261856 
filed on September 16, 1999 

The following application(s) for patent or inventor's certificate on this invention were filed in countries 
foreign to the United States of America either (a) more than one year prior to my intemational application, or (b) 
before the filing date of the above-named foreign priority appHcation(s): 



I hereby appoint the following as my attomeys of record with fuU power of substitution and revocation to 
prosecute this application and to transact all business in the Patent Office: 



James A. Cliff, Reg. No^^22Jil25;-aailIiam P. Berridge, Reg. No,J_0,024j^ 
Kirk M. Hudson, Reg. No*.2Z5fiZlThomas J. Pardini, Reg. N o^, 30,411; 
Edward P. Walker, Reg. No. ai^SfiiRobert A. MiUer, Reg. No.32aZl4_ 
Mario A. Costantino, Reg. No-JSj^S^jind Stephen J. Roe, Reg. No. 34,463. 



ALL CORRESPONDENCE IN CONNECTION WITH THIS APPLICATION SHOULD BE SENT TO QLIFF & 
^RRro-GF. PT,C. P.D..BOX 19928. ALEXA NDRIA. VIRGINIA 2232Qj rELEPHONE (703) 836-6400. 

I hereby declare that I have reviewed and understand the contents of this Declaration, and that ail 
statements made herein of my own knowledge are trae and that all statements made on information and belief are 
beUeved to be trae; and further that these statements were made with the knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment, or both, imder Section 1001 of Title 18 of the United 
States Code and that such willfiil false statements may jeopardize the validity of the application or any patent issued 
thereon. 

Typewritten Full Name 
of Sole or First Inventor 

Inventor's Signature 
Date of Signature 







^ OTAKI 


GivenName 


Middle Initial 


Family Name 









Mohfh Day s.^^ — >3 

Residence: K or1 ya ,m a-Shi Fnk-n«hima-y^n .Tapan^/?^ ^ 

City i»tate or frovmce Counny 
Citizenship: Japan 

Post Office Address: 13-13, Kuwano 5- Ch o roe, Kori yama- S h l , 

(Insert complete mailing 

address, including country) Fukushima-ken , 963-8025, Japan 



Note to Inventor: Please sign name on line 2 exactly as it appears in line 1 and insert the actual date of 
signing on line 3. 

IF THERE IS MORE THAN ONE INVENTOR USE PAGE 2 AND PLACE AN "X" HERE 



(Discard this page in a sole inventor application) 



1 


Typewritten Full Name 
of Joint Inventor 


Yukivoshi 




SHINOBU 






tiiven Name ^ , 
__ 


, p Middle Initial 

— 


Family ISTajne yj 


3 


DateofSignatoe- 


April 


25 


2001 




Rcsidencci Koi* i VS-Hl^ 


Month 

-Shi 


Day 

Fukushima-Ken 


Year 

Japan (i^^X— 




Citizenship: Japan 


City 


State or Trovince 


Country 




Post Office Address: 


_ 20-5, Aza 


Kita-Nakano-Shita , 


Otsuki-Machi , 




(Insert complete mailing 
address, including country) 


Koriyama-Shi , 


, Fukushima-Ken, 963 


-0201, Japan 




Typewritten Full Name 
of Joint Inventor 


Yoshiyukl 




HARADA 


2 


Inventor's Signature: 


GvenName . 


Middle Initial 


Family Name 


3 


Date of Sisnature: 






2ool 



Month 



Residence: 



Citizenship: 



Koriyam a-Shi , 



Japan 



City 



Day 

Fuki^s^iina-Ken 
^Eteor Province 



Japarf 



Country 



Post Office Address: Sun -hills No . 500-202, 

(Insert com] 
address, inc 

Typewritten Full Name 



23-8, Saikon-Yashiki 



(Insert complete mailing 

address, including country)Ko r i yama-Sh i . Fukushima-Ken , 963-8863, Japan 





Given Name 


Middle Initial 


Family Name 


2 Inventor's Signature: 

3 Date of Signature : 














Month 


Day 


Year 


Residence: 










City 


State or Province 


Countr>' 


Citizenship: 









Post Office Address: 
(Insert complete mailing 
address, including country) 



Typewritten Full Name 





Given Name 


Middle Initial 


Family Name 


2 Inventor's Signature: 

3 Date of Signature: 














Month 


Day 


Year 


Residence: 










City 


State or Province 


Country 


Citizenship: 









Post Oflfice Address: 
(Insert complete mailing 
address, including country; 



Note to livemton Please ^ name on Mne 2 exactiy as it appears in line 1 and insert the actual date of sig^^ 

This form may be executed only vvhen atladied to die first page of the Dedaration and Power of Attorn^' of the appfication to 
v\1iich it pertains. 



